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Unusual opportunities are afforded by war injuries for the observa-
tion of disturbances of the visual functions in their relation to more

or less circumscribed lesions of the brain, and several important contri-
butions to this subject have been published in foreign journals since
the beginning of the world war. In 1916, Holmes and Lister 1 reported
their observations on a large series of cases of this type and deduced
the following conclusions :

1. The upper and lower halves of each retina are represented in the
upper and lower halves of each visual area, respectively.

2. The center for macular vision lies in the posterior part of the
visual area, probably on the margins and lateral surfaces of each
occipital pole. The macula has not a bilateral representation.

3. The center for vision subserved by the periphery of the retina
is situated in the anterior part of the visual area, and serial concentric
zones of the retina from the macula to the periphery are represented
in this order, from behind forward in the visual cortex.

4. Those parts of the retinas adjoining their vertical axes are

probably represented in the dorsal and ventral margins of the visual
areas along the mesial surfaces of the occipital lobe, while the retina
in the neighborhood of its horizontal axis is projected onto the walls
and floor of the calcarme fissures.

5. Severe lesions of the visual cortex produce complete blindness
in corresponding parts of the visual fields or, if incomplete, an

* Read at the Forty-Eighth Annual Meeting of the American Neurological
Association, May, 1922, Washington, D. C.

1. Holmes and Lister: Disturbance of Vision from Cerebral Lesions,
Brain 39:34, 1916.
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amblyopia, color vision being generally lost and white objects appearing
indistinct, or only more potent stimuli, as abruptly moving objects,
may excite sensations.

6. Defects of vision in the two eyes are always congruous and
superimposable, provided no abnormalities of the peripheral visual
apparatus exist.

7. Lesions of the lateral surface of the hemispheres, especially of
the posterior parietal regions, may cause certain disturbances of the
higher perceptual functions with intact visual orientation, and localiza- -

tion in space ; disturbance of the perception of depth and distance ;
loss of visual attention and agnosia.

Again in 1918, Holmes 2 called attention to the various types of
hemianopsias, quadrant defects, multiple, paracentral and central
scotomas that resulted, depending on the location of the lesion and the
amount of tissue destroyed. Visual charts were presented describing
these defects, with explanations as to the probable site of the lesion.
In a few instances postmortem findings were also given.

In the same year, Holmes * contributed an article on the "Dis¬
turbance of Visual Orientation," grouping the symptoms of the condi¬
tion under two main headings: (a) the disturbance of orientation and
localization in space by sight; (b) the disturbance of movement of the
eyes and ocular reflexes.

In 1917 Riddock * published a paper on dissociations of visual per¬
ceptions due to occipital injuries and referred especially to the apprecia¬
tion of movement in the blind field and its prognostic value, and to the
types of dissociation being analogous to the dissociation of general
somatic sense impressions as occurring in cerebral injuries. He
corroborated the findings of Lister and Holmes in regard to cerebral
localization of the macula, etc.

A year later Moreau,5 studying occipital injuries from a slightly
different angle, divided the retina from the periphery centrally into
three zones of perception, distinction and fixation. He said that it
was necessary to study from a physiologic standpoint the reason why
central vision was so often intact in cases of lateral and even bilateral
hemianopsia, as publications had been too much concerned with the
lost areas of peripheral vision. He thought complementary studies of
central vision were more important, especially the physiologic and

2. Holmes: Disturbances of Vision by Cerebral Lesions, Brit. J. Ophth.
2:353, 1918.

3. Holmes: Disturbance of Visual Orientation, Brit. M. J. 2:449. 506, 1918.
4. Riddock: Dissociations of Visual Perceptions Due to Occipital Injuries,

with Especial Reference to Appreciation of Movement, Brain 40:15, 1917.
5. Moreau: Sur les troubles de la vision maculaire produit par les lesions

traumatique de la region occipitale, Ann. D'Oculistique 155:357, 1918.
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auto-examinations; and that these should precede the clinical, as the
physiologic point of view is important in discussing the independent
existence of foveal and macular fibers, whether crossed, direct or mixed.

Morax6 said he had never found fixation affected in hemianopic
scotomas due to a unilateral occipital lesion, but he had found it lost
when both occipital lobes were affected. He made a distinction between
the periphery of the macular area and the fixation point.

Referring to a previous article by Morax, Moreau and Castelain,7
he said that they had found the same alterations in the periphery of
the macula as in the peripheral field properly speaking; that is, either
a quadrant, complete or irregular hemianopsia. This may occur either
in conjunction with the peripheral field alterations or not, thus pre¬
supposing two centers, one for the macula and one for the periphery.

Concerning the state of vision at the point of fixation in cases of
macular and peripheral hemianopsias or scotomas, they never found it
altered. Morax says it is necessary to admit of a small zone at the
point of fixation, of probably 1 degree in extent, which possesses very
complex connections. His conclusions are practically the same as those
of Holmes, but he states more clearly that the preservation of normal
acuity of vision is compatible with the destruction of one macular
center, that is, either the right or left occipital lobe.

Wilbrand and Sanger 8 evidently accept the view that the macula,
or at least the center of it, has bilateral cortical connections. They
cite cases, however, in which hemianopic fields are blind to the fixation
point, without loss of acuity of central vision.

The patients forming the basis of this report were under observation
in General Hospital No. 11 at Cape May in 1919, and in each case

had received a wound of the head which involved one or both occipital
lobes. In each of three cases (1,5 and 7) a foreign body had traversed
the brain for a considerable distance, in two instances (1 and 7) passing
from one hemisphere to the other across the median line. In Cases 5
and 7 the roentgen ray revealed projectiles in the substance of the
brain near the opposite side of the cranium from the points of entrance.
In Case 1 there was evidence that a projectile had been removed by
early operation at a distance from the wound of entry. In several cases

small fragments of bone were revealed within the cranial cavity near

the defect in the skull.

6. Morax: Discussion des hypothesis faites sur les connexions corticales
des faisceau maculaires, Ann. D'Oculistique 156:25, 1919.

7. Morax, Moreau and Castelain: Les differents types d'alterations de la
vision maculair dans les lesions traumatique occipital, Ann. D'Oculistique 156:
1, 1919.

8. Wilbrand and Sanger: Neurologie des Auges, 1917.

Downloaded From: http://archneurpsyc.jamanetwork.com/ by a University of Michigan User  on 06/17/2015



While none of the patients in this series came to necropsy and it
was impossible to determine with accuracy the extent of the brain
injuries, it is of some interest to observe the correlation of the visual
defects and the brain lesions.

-In charting the fields a self registering perimeter was used to
determine the peripheral fields and an improvised screen similar to the
Bjerrum screen for the purpose of mapping more accurately the visual
defects of the central areas. Using an object 5 mm. square, and with
the patient at a distance of 1 meter from the screen, defects in the
central areas may be recorded with a margin of error of less than 1
degree.

The illustrations showing the position of cranial defects and of
foreign bodies are based on tracings from radiographs. Conventional
diagrams of the cranium, that of the lateral aspect modified from Marie
and Foix,9 and of the posterior aspect from Wilbrand and Sanger,8 are

utilized, depicting the bony landmarks in relation to those of the
cerebral cortex. The close approximation of the posterior poles of the
occipital lobes to the external occipital protuberance is particularly to
be noted.

. REPORT CF CASES

Case 1.—P. B., 26 years of age, was wounded Sept. 27, 1918, in the left
occipital region, after which he was unconscious for several hours. There was

an early operation the details of which are unknown. Following this he was

paralyzed in the left arm and leg for two or three months. He was admitted
to Hospital No. 11, March 13, 1919. Roentgen-ray examination revealed a

cranial defect in the left occipitoparietal region (Fig. 1), a small metallic
fragment near the midline intracranially, trephine holes and the outlines of a

bone flap in the right parietal bone. There was a trace of a residual left hemi-
plegia and a right homonymous hemianopsia. Eye movements, pupils and fundi
were normal. Fixation was retained. Visual acuity : right eye 20/15, left
eye 20/20. The field charts (Fig. 1) show the blind areas extending to within
less than 1 degree of the fixation point, and about the same distance from the
midlines in the upper halves of the fields. In this case evidence justifies the
conclusion that a projectile entered the left occipital region at the site of the
cranial defect, passing upward, forward and to the right, and lodged in the
right parietal region from whence it was removed by an early operation.

Case 2.—W. C, a man aged 25, had been wounded Sept. 29, 1918, by a shell
fragment in the left posterior parietal region near the midline. He was uncon¬

scious for about five minutes, and there is no record of an early operation.
He was admitted to Hospital No. 11, March 10, 1919, with an unhealed wound.
Roentgen-ray examination showed a cranial defect 2 cm. in diameter near the
posterior superior angle of the left parietal bone (Fig. 2), also numerous small
bone fragments near the margins of the defect and a small metallic foreign
body 2 cm. downward from the inner table. Homonymous hemianopsia con¬
stituted the only focal symptom of cerebral injury. Ocular movements, pupils

9. Marie, Pierre and Foix, C.: Les aphasies de guerre, Rev. neurol., Feb-
ruary, 1917.
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Fig. 1 (Case 1, P.  .).—Left parieto-occipital wound and cranial defect; right
parietal bone flap; right homonymous hemianopsia. Perimeter charts.
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Fig. 2 (Case 2, W. C).-Wound and cranial defect in left posterior superior
parietal region ; incomplete right homonymous hemianopsia. Perimeter charts.
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and fundi were normal, and fixation was retained. Visual acuity : right eye
20/20, left eye 20/20. Field charts made with a 5 mm. test object showed
homonymous hemianopsia extending to within 0.5 degree of fixation points.
Tests made with bright lights and large moving objects revealed a slight
degree of retained vision throughout the affected fields. From the location of
the cranial defect and the relative position of the metallic and bone fragments,
it is apparent that the cerebral lesion involved the left occipital lobe near the
upper margin at a considerable distance from the occipital pole. The destruc¬
tive effect of the wound was evidently downward, toward the optic radiations
of Gratiolet.

Case 3.—F. C. B., aged 23, was wounded Nov. 1, 1918, in the right occipital
region, after which he was unconscious for one half hour. There was no
record of an early operation. The wound healed in February, 1919, and he
was admitted to Hospital No. 11a month later. A roentgenogram proved that
there was a cranial defect 5 cm. in diameter involving the right occipitoparietal
suture (Fig. 3). There were numerous small bone fragments in the vicinity of
the defect. A left homonymous hemianopsia was the only focal cerebral
symptom observed. Ocular movements and pupils were normal ; both fundi
showed slightly blurred disk margins. Visual acuity: right eye 20/20, left
eye 20/20. Fixation was retained. The charts show hemianopic fields extend¬
ing to within 0.25 degree of the fixation points (Fig. 3).

Case 4.—J. B.. aged 24 years, received multiple wounds in the shoulder and
back from a bursting shell on June 13, 1918, and was wounded a second time
on Nov. 3, 1918, a piece of metal passing through the right orbit and lodging
in the right temporal muscle without penetrating the cranium. The right eye
was enucleated, but there was no record of an occipital wound. This patient
was admitted to Hospital No. 11, Feb. 20, 1919. Roentgen-ray examination
showed : (a) a metallic foreign body, 1.5 cm. in diameter, in the right temporal
muscle above the zygoma; (6) a cranial defect 2 cm. in diameter in the occipital
bone 1 cm. to the right and 1 cm. above the external occipital protuberance.
The field chart shows a left hemianopsia extending practically to the fixation
point. The visual acuity was 20/30. Although the patient was unaware of
the occipital wound, and the history contained no record of it, circumstances
indicate that it occurred at the time he received the wound on the back and
shoulder. If that surmise is correct, this soldier returned to duty with an

unrecognized homonymous hemianopsia.
Case 5.—G. C, aged 31 years, a man, received a wound Nov. 3, 1918, in the left

occipital region near the external occipital protuberance. He was transferred
to Hospital No. 11, Dec. 28, 1918, for observation. On admission the following
conditions were present : marked right hemiplegia. complete aphasia and right
homonymous hemianopsia. The hemiplegia gradually receded to a slight
residual remnant. Speech and the comprehension of spoken language were in
large measure regained; but almost complete alexia persisted. The hemi¬
anopsia, however, was complete and permanent. Roentgen-ray findings were :

(a) a cranial defect, 1 by 0.75 cm., 1 cm. above the inion, bordering the mid-
line ; (b) a metallic foreign body in the frontal region close to the midline,
about 3 cm. under the coronal suture (Fig. 5). Ocular movements and pupils
were normal, and the fundi were negative with the exception that the left disk
margin was blurred. Fixation was retained and visual acuity was : right eye
20/20, left eye 20/20. Charts of the macular areas show the blind fields extend¬
ing to within 0.66 of a degree of the fixation point.
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Fig. 3 (Case 3, F. C.  .).—Wound and defect in right parieto-occipital
region; left hemianopsia. Perimeter charts.
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Fig. 4 (Case 4, J.  .).—Right occipital wound and defect; left hemianopsia.
Perimeter charts.
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Fig. 5 (Case 5, G. C).—Left occipital wound and defect near inion. Metallic
foreign body in frontal region close to midline ; right hemianopsia, alexia ; tran¬
sient right hemiplegia and complete aphasia. Perimeter charts.
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Case 6.—No details of the early history of A. D., aged 25 years, were

available. A roentgenogram revealed a large irregular cranial defect, 4 by
8 cm., involving the left occipital and parietal bones, and bordering on the
midline (Fig. 6). The ocular movements, pupils and fundi were normal, and
slight haziness of the lens of the right eye was present. Visual acuity was :

right eye 20/100, left eye 20/15. A right homonymous hemianopsia extended
to the fixation point (Fig. 6).

Case 7.—Early records of M. D., aged 24, were not available, and he was
unable to give details on account of memory defect. He was ambulatory with
evidences of a slight residual left hemiparesis, mentally confused and amnesic
and gross intelligence defect was present. He had difficulty at first in finding
his bed, and was frequently lost in the corridors of the hospital. Roentgen-ray
findings were : (a) cranial defect 3 cm. in diameter in the right frontal region ;
(b) metallic foreign body about the size and shape of a machine-gun bullet in
the left occipital region 2 cm. from the inner plate of the occipital bone, 3 cm.

to the left of the midline and 1 cm. above the level of the inion. Ocular move¬

ments, pupils and fundi were normal. Visual acuity was : right eye 20/50, left
eye 20/50. There was a left homonymous hemianopsia present extending to
within 5 degrees of the fixation point. From the roentgen-ray evidence the
foreign body was apparently lodged just posterior to the posterior horn of the
left lateral ventricle. Its probable course may be assumed to extend from
the frontal defect downward, backward and to the left' across the midline. The
right corona radiata was traversed, as was the posterior part of the corpus
callosum. The optic radiations of the left occipital lobe were also somewhat
involved.

Case 8.—F. D., 26 years, was wounded Oct. 28, 1918, in the right occipital
region. He was unconscious for ten hours, and on waking "everything seemed
blurred." In an early operation, under local anesthesia, bone fragments and
pulped brain tissue were removed, but no foreign body was found. He was

admitted to Hospital No. 11, April 3, 1919, ambulatory. A roentgenogram
showed a cranial defect 3 by 4 cm. in occipital bone bordering the right
lambdoidal suture and several small bone fragments down and in from the
defect. The ocular movements were normal, and the pupils were equal. The
reflexes were present, the left being a little sluggish; vessels of both fundi
were tortuous, disks sharply defined ; the physiologic cup was obliterated on
the right and small on the left. Visual acuity: right eye 20/15, left eye 20/15.
Left homonymous hemianopsia extended to the fixation points.

Case 9.—L. S., a man aged 29, was wounded Oct. 12, 1918, in the left
occipital region. An early operation having been performed, he was admitted
to Hospital No. 11, Jan. 4, 1919, remaining under observation for six months.
A roentgenogram showed a defect 5 by 6 cm. in the left occipital region bor¬
dering the midline. An operation for the repair of the cranial defect was per¬
formed, March 15, 1919. A cone-shaped, fluid filled cavity was encountered,
the apex of which communicated with the posterior horn of the left lateral
ventricle, the base coinciding with the margins of the cranial defect. A con¬
siderable quantity of cerebrospinal fluid escaped, and the roentgenogram taken
immediately after the operation showed the outline of the air-filled lateral
ventricle (Fig. 9). The ocular movements were normal; however, slight con¬

vergence of the right eye was present. The pupils were equal, reflexes present,
media clear, and there were no significant fundus changes. Visual acuity was :

right eye 20/50, left eye 20/30. There was a complete right homonymous hemi-

Downloaded From: http://archneurpsyc.jamanetwork.com/ by a University of Michigan User  on 06/17/2015



Fig. 6 (Case 6, A. D.).—Left parieto-occipital wound and defect; right
hemianopsia. Perimeter charts.
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Fig. 7 (Case 7, M. D.).—Right frontoparietal wound and defect. Foreign
body in left occipital lobe; right hemianopsia; dementia. Perimeter charts.
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Fig. 8 (Charts 8, F. D.).—Right occipital wound and defect; left hemi¬
anopsia. Perimeter charts.
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Fig. 9 (Case 9, L. S.).—Left occipital wound and defect; right hemianopsia
and impairment of the left fields. Lateral aspect showing outlines of cyst
cavity and air filled lateral ventricle. Perimeter charts.
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Fig. 10 (Case 10,  .  .).—Right occipitoparietal wound and defect. Com¬
plete left hemianopsia; incomplete right hemianopsia. Perimeter charts.
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anopsia, and also defective left fields (Fig. 9). Macular vision was preserved
in a semicircular area extending from a vertical line through the fixation point
into the left fields 1.5 degrees. Roughly symmetrical islands of retained vision
were present in the left fields but distinctly separated from the maculae. In
order to study the hemianopsia in relation to the fixation points tests were made
at a distance of 5 meters from the patient with a white object 5 mm. in diameter.
At this distance and with steady fixation the object was seen only when it
approached within 1 cm. on the right side of the fixation point on testing the
right eye, and within less than 2 cm. when testing the left eye. These tests were

repeated on several occasions, and the results were always definite and
consistent.

Case 10.—B. H., was wounded, Oct. 4, 1918, in the right occipitoparietal
region, after which he was unconscious for two weeks. He was admitted to
Hospital No. 11, Dec. 22, 1918, the wound being unhealed. Roentgen-ray exam¬
ination revealed a large cranial defect, 4 by 8 cm., involving the right side of

Fig. 11 (Case 11, V. M.).—Transverse tangential wound just below the inion.
Irregular scotomas in right fields, but extending slightly into lower left fields.

the occipital lobe, and the right parietal bones (Fig. 10). The ocular move¬

ments, pupils, media and fundi were normal. Fixation was retained, and visual
acuity was: right eye 20/40, left eye 20/40. Macular vision only was preserved,
with the exception of the perception of bright light and large moving objects in
part of the right fields. The retained macular areas were roughly cone shaped and
symmetrical, extending from a semicircular line through the 1 degree point on

the left of the fixation point of the right eye and the 0.25 degree point of the
left eye toward the right for about 2 degrees.

Case 11.—On Oct. 14, 1918, the patient received a transverse tangential
wound just below the inion. Immediately after the injury "everything looked
white," but within one week the patient was able to distinguish objects. He
was admitted to Hospital No. 11 in January, 1919. The pupils and fundi were

normal, and there was a thin superficial opacity of the left cornea. Charts ot
the visual fields showed practically symmetrical scotomas of irregular outline,
situated for the most part in the right fields, but extending to the left below
the fixation point (Fig. 11). The macular areas were invaded to the fixation
point, and central vision was reduced : right eye 20/70, left eye 20/100. The
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left physiologic blind spot was abnormally large. The peripheral limits of
both fields were approximately normal. The case is of interest, however, in
correlating the scotomas with what was apparently a small cerebral lesion.
From the fact that the acuity of central vision was reduced it is probable that
neither occipital lobe remained entirely intact, the major portion of the scotomas
occupying the right fields, and a minor portion the left fields, indicating a

Fig. 12 (Case 12, F. E. G).—Wound rjght occipital region. Symmetrical
scotomas in left fields.

lesion of both occipital lobes, the left being affected to a greater extent than
the right. Since complete hemianopsia was not present, neither occipital lobe
was extensively involved. From the character and location of the wound it
seems certain that any injury to the cerebrum must have been limited to the
immediate vicinity of the occipital poles.

·

Case 12.—F. E. G. received wounds July 18, 1918, in the right occipital
region. Early operation was performed in which bone fragments were removed.

Fig. 13 (Case 13, T. C).—Left parieto-occipital wound and defect. Homony¬
mous lower right quadrant visual defect.

The patient was admitted to Hospital No. 11 on Nov. 6, 1918. On examina¬
tion symmetrical scotomas were found in the left fields (Fig. 12) with normal
fixation and visual acuity: right eye 20/20, left eye 20/20.

Case 13.—T. C. was wounded on Oct. 3, 1918, in the left occipitoparietal
region. A roentgenogram showed a defect, 4 by 5 cm., involving the occipital
and parietal bones (Fig. 13), and a linear fracture extending across the
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parietal eminence from the defect. The charts of the fields of this case were

lost, but it is recorded that both visual fields were defective in the lower right
quadrants. The patient was right handed, and was able to read intelligently.

COMMENT

From the data obtained from the observation of this series of
cases attention may be called to these points :

1. Fixation of vision and normal visual acuity (20/20 or better)
are commonly retained when lesions of the occipital lobe have caused
a complete homonymous hemianopsia (Cases 1, 3, 5, 6 and 8). In no

case was there any indication that a unilateral occipital lesion caused
a loss of fixation or of visual acuity, with the possible exception of
Case 4 in which vision of the left eye was 20/30 (right eye enucleated).
Error of refraction was not excluded as a cause of imperfect vision
in this case. In all of the cases in which the character of the wounds
indicated that both occipital lobes were injured, visual acuity was
reduced in both eyes (Cases 7, 9, 10 and 11). No disturbance of
fixation was demonstrated even in these cases.

2. The hemianopic fields commonly approached to within a fraction
of 1 degree of the fixation point.

3. Evidence that macular vision is represented in the apex of the
occipital lobe is furnished by Case 11.

4. Defects of the visual fields, scotomas or hemianopsias, resulting
from lesions of the occipital lobes, are roughly symmetrical but not
exactly superimposable.

5. Greatly reduced visual perception in homonymous fields (incom¬
plete hemianopsia) may exist as a permanent residual result of occipital
injury (Cases 2 and 10). In such cases bright lights and large moving
objects can be discerned in fields which are blind to the usual tests for
form and color.

In comparing the conclusions of Holmes and Lister with those of
Morax, Moreau and others, it will be noticed that there are apparent
contradictions in regard to the cortical representations of the macula.
Holmes and Lister definitely state that the macula has not a bilateral
representation, while Morax says that it is necessary to admit of a
small zone at the point of fixation, probably 1 degree in extent, which
possesses complex connections, since he has never found fixation
affected in unilateral lesions. Visual acuity was not specifically men¬
tioned by Holmes and Lister, but the observations of Morax and those
of the authors show that central vision is commonly normal in cases
of hemianopsia from occipital lesions, even when the blind areas extend
to the fixation point. Morax makes a distinction between the "fixation
point" and other parts of the macula, and uses the designations "area
of precision" and "periphery of the macular area," from which it is
clear that he conceives the macula as an area of high visual acuity, and
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the fixation point as its center. If this conception be accepted, the
charts of various observers indicate that half of the macular area is
included in the hemianopic field; the median vertical boundary of the
hemianopic field bisects the macula as well as the peripheral portions
of the field. From this it may be concluded that each macular "area,"
as a whole, has bilateral connections in the cortex, the right half of
each macula being represented in the right occipital lobe, and the left
half in the left lobe.

Concerning the question of an overlapping of the retinal areas in
relation to the right and left occipital lobes, respectively, certain evi¬
dence and analogies may be considered: 1. Fixation was never lost
in unilateral occipital lesions. 2. In the cases most carefully charted
it was constantly observed that vision was retained a fraction of a

degree to the blind side of the fixation point. If the "fixation point"
is a fixed point, a small overlap of innervation is indicated. 3. The well
known overlapping of the sensory end-organs of the skin in adjoining
peripheral nerve areas and spinal segment areas, and especially the
sensory overlap along the entire midline of the body, each half of
which is in relation with the opposite cerebral hemisphere, may be
taken for analogies for an overlap of the retinal innervation. It appears
plausible, therefore, that a very small overlapping innervation of the
retina exists along the entire line of division between its lateral halves,
and that the fixation point, situated on this line, actually possesses
bilateral cortical representation as do all other points along the same

line. This conception is apparently consistent with all of the phenomena
observed in this series of cases, and with those of other observers.

CONCLUSIONS

1. Unilateral occipital lesions commonly result in homonymous
hemianopsia, the blind field of each eye being limited by an approxi¬
mately vertical line passing close to the fixation point.

2. Unilateral occipital lesions do not result in a loss of fixation nor

a reduction of acuity of central vision of either eye.
3. Central vision is represented in the apexes of the occipital lobes.
4. Unilateral lesions at a distance from the occipital pole may result

in approximately symmetrical paracentral scotomas.

5. Visual defects caused by lesions of the occipital lobes are approxi¬
mately symmetrical but not exactly superimposable.

6. The macula is a central area of high visual acuity, not sharply
circumscribed, extending a short distance in all directions from the
fixation point which probably represents less than 1 degree in the arc

of the visual field.
7. The hypothesis is suggested that a minute overlap of innervation

exists along the entire vertical line separating the retinal halves. Each
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half of the macula is thus in relation with the corresponding occipital
cortex, and the fixation point, situated on the line of division, possesses
bilateral cortical connections.

DISCUSSION
Dr. M. Allen Starr, New York : I should like to ask whether these fields

of vision were symmetrical or whether there was very marked deviation in the
limitation of the fields in the two eyes?

Dr. Charles W. Mills, Philadelphia: I think I was the first to point out
that there may be a macular hemianopsia without a general peripheral
hemianopsia. It seems unfortunate that in addition to the mere study of these
fields, macular and peripheral, there was not also in the same cases a careful
investigation of full and half vision for words, letters and special objects.
This could readily have been done by a study of barrel or tubular vision.

There are probably lower and higher macular center fields in the cortex,
the lower in some portion, probably in the posterior part of the calcarme region,
and the higher in the lateral occipital lobe, probably in the angular region where
Ferrier first placed them.

Dr. Edward A. Sharp, Buffalo : In using a plain dark screen, it is difficult
for the patient to fix on it. Ten or fifteen feet back, the point of fixation is small.
We use a long steel fishing rod end to carry the disk ; but it is difficult at
times to fix the object at the center. With the perimeter, we get closer to the
object than with a screen. It seems to me that there is a chance for error

in the fixation at a distance. Our difficulty has been in keeping the central
point fixed at that distance.

Dr. M. Allen Starr, New York: The determination of the general visual
field should be made differently from that of the field of vision of the macula,
and the only satisfactory way of determining the latter is by having the
patient look through a small tube which concentrates his actual fixation on a

very bright point in the distance and then introduce the object at the end of
the tube. In this manner, confusion, which comes from a large field, is
eliminated.

Dr. Adolf Meyer, Baltimore : The perimeter examinations are probably
the most difficult examinations that anybody can undertake with any patient.
It seems to me that we must keep our minds and our eyes open to the relativity
and to knowing to what extent we have the cooperation of the patient. In
the studies that I have had an opportunity to make from the anatomic point
of view, I have often deplored the fact that there could not have been some

forethought by which points of anatomic interest might have been checked
physiologically. The conclusion that I reached was that it was putting both
the patient and the physician to the most difficult task to secure accurate

perimeter examinations. The first thing is to get the closest estimate possible
and then if there is any indication at all for more detailed examination, such
measures as Dr. Starr mentioned, and other precautions, will have to exclude
the distraction and the fatigability on the part of the patient and the physician.

Dr. Ingham, Los Angeles, in closing: In regard to the symmetry of scotomas
and the defects in the visual fields, we found them to be quite consistent ; that is,
symmetry was present, not in the degree in which the one could be exactly
superimposed on the other, but with a very close approximation. For instance,
if the dividing line was at a slight angle, instead of beinp perfectly vertical.
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the angle was similar in right and left fields. Gross cuts in the visual field
were duplicated on both sides ; but there was not a complete accuracy or perfect
symmetry of the blind areas.

In reply to Dr. Starr's question, the size of the test object was, routinely,
5 mm., and the distance of the test 1 meter. A small white spot in the center
of this screen served for fixation. The color fields, as well as the form fields,
were charted and other methods were used, such as bright lights and large
moving" objects; but we found that for routine examination a white test object
was most satisfactory.

Dr. Mills' reference to. a hemianopsia of the macula is of interest, and we

had one case in which this was demonstrated. There was a bilateral lesion,
one visual cortex being completely destroyed and the other incompletely
destroyed. Central vision was retained as well as a dim perception of large
moving objects in a part of one field. Accurately charting the small central
fields of vision revealed the characteristics of a bilateral hemianopsia of the
macula. In other words, this patient had only macular vision in which was
a hemianopsia.

Regarding the question of the higher and lower centers, the integrative
functions in respect to vision came up for consideration. There was "word
blindness" and "word deafness" in one of the cases and aphasie symptoms in
others. These problems are not presented in this paper. We did not find any
cases similar to those to which Holmes and Riddock referred, in which there
was a loss of the stereoscopic vision without loss of visual perception.

The difficulties of fixation are quite a matter for consideration in the
examination of patients. The perfectly black screen without any relief from
the monotony does not enable some patients to maintain fixation. There are

many cases in which fixation is difficult, especially when there is a degree of
amaurosis of the central field. There was but little trouble in that connection
in the cases here reported.

With reference to the quadrant defects, we had some examples of the
quadrant blindness which were roughly symmetrical ; and there was one case in
which there was only little more than a quadrant of vision remaining in each
field, a complete hemianopsia oh one side, and a quadrant on the other side.
Then there were scotomas, one paracentral scotoma, and ano'.her scotoma
involving the macular area. These scotomas were also symmetrical in their
situation and form but not exactly superimposable.

The difficulty of charting defects of the visual fields is very similar to the
difficulty of charting areas of loss of sensation on the skin ; the fatigue
phenomena, the psychology of the patient and the psychology of the examiner
must all be considered. All these points enter into the problem and should
be checked carefully in making the record.
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